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Introduction
Delirium is a neurocognitive disorder characterised by acute onset, fluctuating course and disturbances in consciousness, attention, orientation, memory, thought, perception and behaviour [1] . Delirium is frequent in older hospitalised adults [2] and associated with many poor outcomes [3] .
The course of delirium is often protracted, particularly among patients with dementia. In one study, the predicted probabilities of full recovery among patients with dementia were 1% at 4 weeks and 12% at 24 weeks; the predicted probabilities of full recovery among patients without dementia were 4% at 4 weeks and 27% at 24 weeks [4] . Because the course is often protracted, up to 59% of older hospitalised adults with delirium are reported to have delirium at the time of discharge [5] . Many others are probably discharged with only partial recovery.
Delirium during hospitalisation is associated with increased need for care, length of hospital stay and mortality [2, 3] . The implications of delirium and symptoms of delirium after hospital discharge, however, are not clear. One study reported that older patients with delirium at discharge had increased rates of death (OR 1.63, 95% CI 0.77, 3.44) and clinically and statistically significant declines on the Barthel Index (−21.9 points, 95% CI −31.1, −12.7) and Mini-Mental State Exam (MMSE) (−5.3 points, 95% CI −7.5, −3.1) 12 months later [6] . Another study reported that older patients discharged with delirium had increased rates of nursing home placement and death 12 months later (OR 2.38, 95% CI 0.64, 8.84) [7] . Neither study, however, examined the outcomes associated with partial recovery from delirium or the impact of partial or no recovery on emergency room (ER) visits and hospitalisations. Moreover, the follow-up interval was relatively long (12 months) and it is of clinical interest to know if adverse events occur sooner. Thus, the purpose of this study was to explore whether partial and no recovery from delirium among patients recently discharged from hospital predict increased adverse events (ER visits, hospitalisations and death) during the subsequent 3 months.
Methods

Study design
This study used data collected for a prospective study of recovery from delirium [4] . In the original study, potential study subjects were daily admissions aged 65+ from the ER to the medical and surgical services of a university affiliated, primary, acute care hospital. Within 24 hours of admission, a research assistant (RA, a nurse or university graduate) determined patient eligibility: only patients not speaking English or French, not residing in Montreal or too sick to be assessed were excluded. The RA screened eligible patients for delirium using the Confusion Assessment Method (CAM) [8] . The CAM was completed based on chart review, an interview with an informant to enquire about symptoms of delirium (especially acute change in mental status and fluctuation) and patient assessment using the MMSE [9] . Patients with delirium were enrolled. Approximately 1 month after enrolment, the RA assessed the recovery status of each patient using the CAM. The CAM was completed based on an interview with an informant and a face-to-face patient assessment. Of note, only patients who were discharged before the follow-up assessment were included in the present study. The study was approved by the Hospital Research Ethics Committee.
Definition of recovery status
Based on the follow-up assessment, patients were classified into one of three categories according to the presence or absence of CAM core symptoms of delirium: full recovery, partial recovery or no recovery. Full recovery was the absence of all CAM core symptoms of delirium (fluctuation, inattention, disorganised thinking and altered level of consciousness). Partial recovery was defined as having one or more CAM core symptoms but not meeting criteria for delirium. No recovery was defined as meeting CAM criteria for delirium.
Measures
The MMSE [9] is a widely used instrument to assess the cognitive status of elderly patients; scores range from 0 to 30, a lower score indicating greater cognitive impairment. The CAM [8] was used to assess the four core symptoms of delirium (acute onset and fluctuation, inattention, disorganised thinking, altered level of consciousness); delirium was diagnosed using the CAM algorithm.
At the end of the study, demographic data, co-morbidity and dementia status at baseline were abstracted from the hospital chart. The Charlson comorbidity index [10, 11] was computed based on information abstracted from the medical record. Data on adverse events (ER visits, hospitalisations and death) were collected from multiple sources including research forms, hospital records and databases for the 6 months after the assessment of recovery status.
The RAs were trained to use the study instruments. Before data collection began and during the course of the study, samples of residents were assessed simultaneously and independently by the RAs and the clinical investigator for core symptoms of delirium (n = 40). Sensitivity and specificity for core symptoms of fluctuation, inattention, disorganised thinking and altered level of consciousness were 1.00 and 0.85, 0.89 and 0.78, 0.43 and 0.88, 0.73 and 0.93, respectively.
Statistical analysis
Descriptive statistics, t-tests and Chi-square tests were used to compare patient characteristics by dementia status. Kaplan-Meier 6-month survival curves by recovery status and stratified by dementia status were created [12] . Cox regression was used to model the relationship between recovery status at follow-up and the censored survival times to first adverse event (ER visit, hospitalisation or death) during the first 3 months after assessment of recovery status [12] . Time zero (T0) was defined as the patient's followup assessment date; data were censored at 3 months after T0 if no event of interest was observed.
The impact of recovery status on one or more adverse events during the 3-month period was assessed using a counting process approach [13, 14] . This approach models sequences of time intervals between successive events occurring after time 0. For example, a patient may experience an ER visit as first event 30 days after time 0 (time interval 0-30); then the patient may come back to the ER two weeks later (time interval 31-44 days); finally the patient may die at home a month later (time interval 45-76). Note that an ER visit that was followed by hospitalisation or death at that visit was counted as one event; a hospitalisation followed by death during that hospitalisation was counted as one event. Censoring occurred at 3 months after the assessment of recovery status if the patient was still alive at that time. According to the counting process approach, any time interval during which the patient was hospitalised and discharged alive was not included in the analysis; such intervals are known as 'discontinuation intervals of risk'.
For both of the above approaches, univariate and multivariable models were developed overall and by dementia status. Patient characteristics (gender, Charlson comorbidity index and dementia status) were included in the multivariable model. Recovery status was treated as an ordinal variable with three levels: 0 = Full recovery, 1 = Partial recovery and 2 = No Recovery. HRs for time to events with their 95% CIs were computed for an increase of one level in recovery status; a non-linear relationship between levels was tested by adding a quadratic term in the model. To test interactions between recovery status and events by dementia status, additional multivariable models with an interaction terms were developed for both approaches. The level of significance was 0.05 except for the test of interaction when the alpha was set at 0.1. All analyses were stratified regardless of the interaction test. All calculations were carried out in SAS 9.4, and STATA 13.0.
Results
Study population
In the original study, 3,182 of 5,719 admissions were screened and 2,286 were eligible. Six hundred and ten patients were not available on the hospital units when the RA arrived to complete the CAM; 1,582 patients assented to complete the CAM and 94 patients did not assent; the CAM was not completed for 728 patients because an informant was not available to confirm an acute change and fluctuation in mental status prior to admission or enrolment. The CAM was completed for 854 patients; 375 had delirium; 278 were enrolled.
Of the 278 enrolled patients, 172 were discharged before the follow-up assessment, 73 were still hospitalised, 8 withdrew from the study and 27 died. Of the 172 discharged patients, delirium recovery status was determined for 152, 16 withdrew from the study after discharge and 4 died. The follow-up assessment occurred at the patient's residence. Twenty-five patients had full recovery, 32 had partial recovery and 95 had no recovery. Because of difficulties in locating or visiting patients after discharge, mean (standard deviation, SD) time between enrolment and assessment of recovery status was 51.4 (21.0) days; mean (SD) time between discharge and assessment of recovery status was 37.8 (22.2) days.
The characteristics of the 152 discharged patients at baseline and the time of assessment of recovery status (T0) are presented overall and by dementia status in Table 1 . Most patients were aged 85 years and over and female. At baseline, there were significant differences between those with and without dementia in gender and Charlson comorbidity score.
Association between partial and no recovery and adverse events
Overall, 44 of the 152 discharged patients (28.9%) had at least one adverse event; 14 (9.2%) had more than one event. The numbers of events (ER visits, hospitalisations and deaths) and deaths alone by recovery status are presented overall and by dementia status in Table 2 . Overall, there were many more ER visit and hospitalisation events (number of events-number of deaths) than deaths; the increases in numbers of events were similar for partial and no recovery; the increases were generally greater for patients without than with dementia.
The 6-month Kaplan-Meier survival curves (unadjusted) of time to first event are presented by dementia status in Figure 1 . Among patients without dementia, the curves for both partial and no recovery decline steeply during the first 3 months compared to those with full recovery, then level off to 6 months; among patients with dementia, the curves for all patients decline less steeply over 6 months and there are small differences by recovery status.
The results of the survival analysis to first event are presented overall and by dementia status in the left half of Table 2 . In multivariable analysis, adjusting for gender, Charlson score and dementia status, the overall HR (95% CI) for events with increasing levels of non-recovery was 1.48 (0.95, 2.32); the relationship between levels was linear. There was, however, important interaction between recovery status and events by dementia status: the Pvalue for interaction between recovery status and events by dementia status (without adjustments) was 0.047. In the multivariable analysis, stratified by dementia status and adjusting for gender and Charlson score, the HRs (95% CI) for events among those with and without dementia were 1.08 (0.57, 2.07) and 2.07 (1.04, 4.10), respectively.
The results of the counting process model of analysis to study the association between recovery status and one or more events are presented overall and by dementia status in the right half of Table 2 . In multivariable analysis, adjusting for gender, Charlson score and dementia status, the overall HR (95% CI) for events with increasing levels of non- Table 1 . Baseline/follow-up characteristics of patients with delirium, overall and by dementia status (n = 152)
Patient characterisitics Overall (n = 152) No dementia (n = 73) Dementia (n = 79) 
Discussion
This study proposed to explore whether partial and no recovery from delirium among patients recently discharged from hospital predicted increased adverse events (ER visits, hospitalisations and death) during the subsequent 3 months.
The results indicate that there may be a continuum of recovery, from full to partial to none; a lower level of recovery is associated with a higher risk of adverse events during the subsequent 3 months, especially among patients with dementia. These results confirm the findings of previous studies [6, 7] . These results extend previous findings by demonstrating an association between lower recovery status and adverse events within 3 months. Of note, 2 studies have reported that delirium in hospital was not associated with increased rehospitalisations but neither study examined re-hospitalisations by delirium recovery status at discharge [15, 16] .
Patients with failure to recover fully after discharge from hospital appear to be vulnerable, either because of the persistence of symptoms of delirium per se or because partial and no recovery are markers for conditions (e.g. persistent physical illness, medication toxicity, frailty) leading to adverse events. If these findings are confirmed, it may be important to screen patients, especially those without dementia, for recovery status after discharge and develop special follow-up services for affected individuals. On this point, a small quasi-experimental trial provides preliminary evidence of the potential benefit of such services in terms of delayed institutionalisation [17] . Of note, because the predicted probabilities of full recovery in these patients increased slowly over 24 weeks [4] , it is likely that recovery status after discharge reflected recovery status prior to discharge; therefore, it may be important to screen older patients for partial or no recovery prior to discharge. This study has 6 strengths. First, the sample included older inpatients from a primary, acute care hospital. Second, there was a careful assessment for delirium at baseline by well-trained research staff using reliable and valid instruments. Third, only patients whose informant confirmed an acute change and fluctuation in mental status were enrolled. Fourth, there was a careful assessment of recovery status during a face-to-face interview. Fifth, adverse events were determined by examining multiple data sources. Sixth, the statistical analysis used 2 methods of analysis to examine associations between recovery status and events.
This study has 3 potential limitations. First, because of delays in completing follow-up assessments, recovery status was assessed a mean 38 days after discharge; however, there were no differences in mean delays by recovery status and predicted probabilities of full recovery increased slowly over 24 weeks [4] . Second, the proportion of patients with partial or no recovery was large, perhaps related to the population enrolled (e.g. very old, high medical co-morbidity, severe delirium) or the careful assessment for symptoms of delirium at follow-up. Third, the numbers of patients and events were relatively small; consequently, it was possible to compute HRs for only a composite of the adverse events. Dementia (n=79) Figure 1 . Kaplan-Meier 6-month survival curves (unadjusted) from 1st follow-up to first adverse event (ER visit, hospitalisation or death) by recovery status stratified by dementia status (n = 152).
Despite the study limitations, failure to recover from delirium after hospital discharge appears to predict increased adverse events during the subsequent 3 months. Because of the potentially important implications of this finding for in hospital and post-discharge management and policy, the finding merits further investigation.
Key points
• Many older hospitalised adults are discharged with delirium.
• Partial and no recovery from delirium after hospital discharge predict increased adverse events during the subsequent 3 months.
• Despite study limitations, these findings merit further investigation.
